The pore forming Plasmodium perforin like proteins (PPLP), expressed in all stages of 26 the parasite life cycle are central drivers for host interactions critical for completion of 27 parasite life cycle and high transmission rates. The high sequence similarity in the central 28 membrane attack complex/ perforin (MACPF) domain and consequent functional overlaps 29 defines them as an attractive target for the development of multi-stage antimalarials. Herein 30 we evaluated the mechanism of pan active function of central, highly conserved region of 31 PPLPs, MACPF domain (PMD) and inhibitory potential of specifically designed anti-PMD 32 chemo. The E. coli expressed rPMD interacts with erythrocyte membrane and form pores of 33 ~10.5 nm height and ~24.3 nm diameter leading to haemoglobin release and dextran uptake.
Introduction
suggests that PMIs can inhibit PMDs with identical activity in vitro. In silico data further 191 revealed that PMIs are binding in the same pocket of all PMDs. This pocket is not only 192 structurally conserved but also has sequence identity as revealed by sequence alignment of 193 . 194 To evaluate the binding of PMI to the rPMD, we modified and performed cellular thermal 195 shift assay (CETSA). This technique involves the detection of target protein by monitoring 196 the thermostability of native protein in presence of its selective inhibitor. In principle, 197 specific binding of the drug to its target protein increases the stability of protein at high 198 temperatures(24). In similar line, we treated the purified rPMD1 and rPMD2 with C01 and 199 C02 and heated them at 60 o C and 80 o C while the sample at 4 o C, served as loading control. 200 Analysis of band intensities demonstrated significant thermal protection of both rPMD1 and 201 rPMD2 in the presence of compounds suggesting that C01 and C02 are interacting with 202 rPMDs (Fig 2C (i-ii) ). Further, the interaction of PMIs to PMDs is strong enough to impart 203 thermal protection to the recombinant protein. 204 Surface Plasmon Resonance (SPR) is a sensitive technique to validate the protein-protein as 205 well as protein-drug interactions. To further confirm the interaction of PMIs with rMAC1, we 206 performed SPR with different compound concentrations (1-100 µM). In both the cases, the 207 compounds showed concentration dependent binding to the coated rMAC1 ( Fig 2D (i-ii) ). 208 Together, SPR and CETSA confirms the binds of PMIs to rPMD.
210
PMIs inhibit PMD mediated pore formation 211 We analysed the inhibitory activity of PMIs by performing rPMD mediated erythrocyte lysis 212 assay in the presence of C01 and C02. The results demonstrated that C01 and C02 could 213 inhibit activity of both rPMD1 and rPMD2 in sub-micromolar range (Fig 3A and 3B) . 214 Together, these data demonstrate the designing of anti-PMD inhibitors that inhibits the pore 215 forming ability of PMDs. 216 To investigate complete disruption of pore formation in PMI treated erythrocytes, influx of 217 small molecules such as rhodamine-Phalloidin (~1kDa) and FITC-dextran (10kDa) was 218 investigated. PMD treated erythrocytes could not uptake dextran or Phalloidin in presence of 219 PMI as compared to PMI treated erythrocytes ( Fig 3C) . This confirms that there is complete 220 abrogation of pore formation in presence of PMIs. demonstrated restriction in permeabilization of host erythrocyte as compared to untreated 255 schizonts ( Fig 4C and 4D) , implying specific action of PMIs towards PfPLPs in egress. 256 Since, the giemsa scoring also suggested a defect in invasion, we scored for ring formation 257 after 10 h post-treatment. To specifically assess the effects of C01 and C02 on invasion and 258 avoid the effects of their influence on egress, we calculated number of rings formed per 259 schizont egress. A drastic decrease in the number of rings formed in treated parasites as 260 compared to the untreated control was noted ( Fig 4E) .
261
To rule out the possibility that drug treatment has any effect on ring and trophozoite stages, 262 we devised a novel ring toxicity assay and trophozoite toxicity assay. In these assays, rings or 263 trophozoites were treated for 6 h, washed and accessed for their growth during the next cycle.
264
If the compounds have any toxicity on these stages, it will be reflected in this assay. Our data 265 suggests that these compounds do not exhibit any toxicity towards either ring and trophozoite 266 stages (S4A and S4B Fig) . Taken together these findings imply that both compounds act only 267 on the stages which involves the PPLP activity and can be used as generic inhibitor of PPLPs.
268
Since PPLPs play a role during multiple stages of parasite cycle, we studied their cross-stage 
302
Oxidation of hemoglobin, leading to methaemoglobin formation, is a marker of erythrocyte 303 senescence. The methaemoglobin caries the oxidized form of heme (Fe 3+ ) that leads to 304 changes in its porphyrin ring(25). To detect these changes in heme, Raman spectroscopy was 305 used. Raman spectroscopy is a non-invasive and label free technique for detection of 306 metabolic changes at single cell level. When 532nm is applied to rPMD2 treated 307 erythrocytes, v 15 gains intensity (pyrrole gains intensity) which is co-related well with 308 increase in intensity at band 749cm -1 . A similar increase of band intensity was observed for 309 band located at 1131cm -1 that suggests the asymmetrical pyrrole half-ring stretching vibration 310 ( Fig 5D) . The 1550 cm -1 demonstrates the stretching mode v (CbCb)(26). The untreated and 311 PMI treated erythrocytes demonstrated similar peak profile ( Fig 5E) . Further, Raman imaging 312 of 1131cm -1 also confirmed increase in methemoglobin concentration within erythrocytes. 313 ( Fig 5F) . These results suggest formation of methemoglobin following rPMD2 treatment that 314 could lead to erythrocyte senescence. this study, we further propose that the synchronous secretion PfPLPs in blood plasma due to 324 co-ordinated rupture of schizonts in vivo leads to formation of pores on bystander 325 erythrocytes leading to their premature senescence and identifies it as one of the probable 326 causes for anemia in severe malaria. This phenomenon was similar to earlier reports where it 327 has been shown that binding of some parasite proteins to erythrocytes leads to anemia (28, 29) .
328
But the mechanistic role behind the induction of anemia remain to be fully deciphered.
329
However, our data defines that the smaller pores created by PfPLPs induces calcium influx 330 ( Fig 5A) in erythrocytes leading to phosphatidylserine exposure ( Fig 5C) , as signal for 331 recognition by macrophages. This is in line with earlier studies that have demonstrated that 332 increase in intracellular calcium induces premature senescence of erythrocytes(30,31).
333
The enhanced oxidative stress in erythrocyte senescence is represented by the formation of 
